Periapical lesions of endodontic origin and periodontitis are the two common chronic conditions that constitute the immunoinflammatory responses to putative oral pathogens. Both the conditions encompass similar patterns of development and pathologic mechanisms of host-mediated tissue destruction and subsequent establishment of the lesion. This host inflammatory response is attributed to a large array of immune cells that play a regulatory role in the protective and destructive pathways culminating in these two diseases. Hence, knowledge of the host response involved in their pathogenesis is essential to comprehend the disease process and thus aid in establishing proper therapeutic strategies to keep the host response under control. This review will focus on the pivotal role played by the T cells and its various subsets, namely the T helper (Th)1, Th2, Th17, Treg, Th22, and Th9, and elicit deeper insights on the Th1/Th2 and the Th17/Treg paradigm.
INTRODUCTION
The oral cavity is abounded with surface-associated microbial communities -the biofilms which are critical to triggering oral inflammatory diseases, such as periapical and periodontal lesions. 1 However, pathogens unaided are not adequate to initiate disease. The host protective responses against the bacterial challenge result in local inflammation with destruction and histopathological variations of soft and hard tissues, eventually resulting in endodontic lesions and periodontitis. In addition, various risk factors, if present, may make the host more vulnerable and thus determine the rate of progression of such lesions. 2, 3 Their etiopathogenesis has been widely explored and the role of numerous cell types, especially the immune cells and its pathways, has been well described. 4 However, the pattern of the adaptive immune responses, especially of the T cells in the disease progression, needs to be thoroughly understood.
RESEMBLANCES AND PECULIARITIES IN THE ETIOPATHOGENESIS OF PERIAPICAL AND PERIODONTAL LESIONS
Oral inflammatory diseases usually arise from microbial challenge, which primarily initiates the innate immune response involving the migration of leukocytes and production of proinflammatory cytokines. Eventually, adaptive immune response becomes activated, which involves the T and B cells. Periapical lesions are initiated due to exposure of the dental pulp to oral bacteria, whose antigens provoke both specific and nonspecific immune response and the inflammation, i.e., set in as a consequence results in pulpal necrosis. 5 It eventually involves the periapical tissue, thus causing the periapical lesion. The initial changes in the periapical region, such as hyperemia can gradually lead to formation of granulation tissue, the periapical granuloma with numerous fibroblasts, vessel, and inflammatory cells. 6 The granuloma can either remain dormant or can shift to form the periapical cyst with an epithelial-lined cavity. All these pathological changes are thought to be related to the egress of microbes and microbial products from the infected pulp into the periapical region. 3 Similarly, periodontal disease is a chronic immune inflammatory lesion characterized by the destruction of the tooth-supporting structures, initiated by the periodontal pathogens and progressing due to the overstated host immune response to these antigens. 7 Thus, inflammatory cell infiltration into the diseased tissue is a characteristic feature of most of the chronic inflammatory lesions including periapical and periodontal disease. Moreover, the balance between the pro-and anti-inflammatory immune mediators governs the consequence of the bone destructive lesions, such as periapical 8 and periodontal 9 diseases.
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TH SUBSETS AND THEIR SIGNATURE CYTOKINES IN PERIAPICAL AND PERIODONTAL LESIONS
Among the infiltrating inflammatory cells, the polymorphonuclear leukocytes are the first line of defense, which later stimulate the migration of lymphocytes and monocytes. Finally, the chronic inflammatory courses are characterized by the presence of inflammatory cell infiltrates comprising the antigen presenting cells and the T and the B lymphocytes. The naive T cells on stimulation get differentiated into CD4+ T helper cell, CD8+ cytotoxic T cell, or the T regulatory cell. The T helper cells activate both the cellular and the humoral immune responses and thus have received significant attention in the periapical and periodontal literature. Table 1 and Figure 1 summarize the various T helper (Th) subsets, their inducing and signature cytokines, and transcription factors mediating the signaling pathways. 
TH1 AND TH2 SUBSETS AND ASSOCIATED/ SIGNATURE CYTOKINES
The antigen presenting cells, especially the mature dendritic cells expressing costimulatory molecules, produce distinct prototypical cytokine patterns that are critical for the differentiation/polarization of T helper cells into its subsets, 10 namely the Th1, Th2, Th17, T regulatory, Th9, and Th22, with subsequent production of characteristic cytokines. 11 The naive CD4+ T helper cells on activation get differentiated into either Th1 or Th2 subsets based on their functions and a distinct effector cytokine profile. 12 The Th1 immune response which is responsible for defense against intracellular pathogens and delayed type hypersensitivity is typically cellular and proinflammatory mediated by cytokines IL-1, IL-6, and tumor necrosis factor (TNF)-α along with interferon (IFN)-γ. The IFN-γ along with IL-12 activates the signal transducer and activator of transcription (STAT)-1 in the naive CD4 T cell, which in turn upregulates T-bet, the master regulator of Th1 differentiation. The IL-12 also activates the STAT-4 which in turn upregulates IFN-γ production by the Th1 cells. Hence, increased expression of IFN-γ is the characteristic feature of effector function of Th1 cells leading to progression of periapical and periodontal lesions with ensuing hard tissue destruction. 13 The Th2 immune response on the other hand is humoral and anti-inflammatory providing defense against extracellular pathogens, such as parasites and helminthes. It is mediated by Th2 cytokines IL-4, IL-5, IL-10, and IL-13 and transforming growth factor β (TGF-β), which is responsible for limiting the inflammatory mechanisms and aids the healing processes. The IL-4 produced by the naive CD4 T cells, macrophages, and other cells activates the STAT-6 which in turn upregulates the GATA-3, the master regulator of Th2 differentiation. 14 However, in the periodontal literature, the Th1 subset was initially thought to be associated with the stable lesion and the Th2 with the progressive ones. 7 Later, various studies proved that in the active lesions, there was predominance of Th1 cells and reduced expression of Th2 cells. There is ample evidence suggesting that the Th1 and hence, IFN-γ are found in higher levels in progressive periapical 15 and periodontal 16 lesions. However, the Th1/Th2 archetype which was initially suggested was found to be insufficient to describe the complex etiopathogenesis of periapical and periodontal disease.
TH17 AND TREG SUBSETS AND ITS ASSOCIATED CYTOKINES
The search to address the inadequacies of the Th1/Th2 paradigm led to the identification of the other subsets, viz., the Th17 and T regulatory subsets and its implication in the periapical and periodontal disease pathogenesis. The Th17 cells produce its signature cytokine repertoire of IL-17A-F, IL-22, and IL-21. 17 The presence of TGF-β along with IL-6/IL-1 or IL-21 in the inflammatory milieu is required for the development of Th17 18, 19 and IL-23 for the expansion of the subset. 20 The TGF-β induces STAT-3 which in turn activates the retinoid-related orphan receptor (ROR)-γt that is responsible for the expression of its signature cytokines. 21 Interleukin 17 exerts a destructive response in periodontal disease by receptor activator of nuclear factor kappa-B ligand-mediated osteoclastogenesis, thus resulting in bone resorption. 17 Studies also showed increased expression of IL-17 messenger ribonucleic acid and IL-17 cells in periodontal disease sites compared with the healthy sites suggestive of possible destructive role for IL-17. 22 In a similar fashion, the levels of IL-17 and fraction of inflammatory infiltrate are shown to be considerably higher in symptomatic lesions of periapical disease. Thus, it suggests that IL-17 may exacerbate inflammation in chronic periapical lesions. 23 However, it was also shown that under experimental conditions, the IL-17 may exert a protective role as there was Porphyromonas gingivalis-induced periodontal bone loss after genetic deletion of IL-17 receptors. 24 It was also demonstrated that by suppressing the chronic inflammatory cell infiltration, IL-17 receptor A signaling was protective in infection-induced mouse periapical bone destruction. 25 These evidences suggest that it is known to exert a biphasic response in relation to its effects on alveolar bone destruction. The T regulatory cells on the other hand were identified as a separate subset by Gershon, 26 where the naive T cells differentiated into regulatory cells in the presence of TGF-β only and devoid of IL-6/IL-1. 27 FoxP3 is the key transcription factor required for T reg differentiation and function. 28 Mediated by TGF-β, T reg cells elicit immunosuppressive/immunoregulatory effects by secretion of IL-10 and TGF-β. 29 They are known to control the immune response through a suppressive effect on osteoclast differentiation and bone resorption. 30 Thus, by inducing the secretion of IL-10, T reg cells are known to regulate inflammation in periapical lesions. 31 Similarly, in the periodontal tissue, the T reg subset is shown to be associated with increased secretion of TGF-β, IL-10, and an inhibitory molecule, CTLA-4, hence proving to be protective and suppressive in the disease progression. 32 Hence, research led to the interesting fact that the progression and outcome of both the periapical and periodontal lesions were found to be influenced by the Th17/Treg archetype.
THE NEWER TH9 AND TH22 SUBSETS
However, more complex cytokine networks were implicated in periapical lesion evolvement. Various studies on human and experimental periapical lesions showed that the Th9 and Th22 cytokines were also contributing to its pathogenesis, nevertheless on the lesion stability. 33 The lineage-specific cytokines of the Th9 and Th22 subsets are IL-9 and IL-22 respectively. These cytokines are biphasic in nature, which indicates the fact that their protective and destructive properties may fluctuate considerably depending on the surrounding inflammatory milieu. The intracellular signaling pathways are not fully illustrated; however, the Th22 differentiation is known to be stimulated by the aryl hydrocarbon (AHR) and RORC when mediated by TNF-α and IL-6. 34 Araujo-Pires et al simultaneously analyzed the differential expression of various Th subsets in human periapical lesions and demonstrated that cytokines exhibit as clusters accounting for the lesion activity-inactivity status. The study demonstrated the association of IFN-γ, TNF-α, IL-17, and IL-21 with lesion activity and association of IL-4, IL-9, IL-10, IL-22, and FOXP3 with lesion inactivity. 35 Similarly, another study has shown the association of IL-9 and IL-22 in inactive human and animal periapical lesions. 33 These studies suggest the contribution of Th-9 and Th-22 pathways in periapical lesion stability. Although the role of IL-22 has been identified in the dermal lesions, its role in periodontal lesions is not fully elucidated. However, as IL-22 in localized in the gingival epithelium and is known to induce secretion of antimicrobial peptides, namely defensins, 36 it may be assumed that they have a role in the innate immune mechanisms of the periodontium. Kato-Kogoe et al found the expression of IL-22 receptors in the periodontal tissues. It has also been shown that IL-22 leads to mineralized nodule formation and induction of bone-forming gene expression in periodontal ligament (PDL) cells. It was thus concluded JODE that IL-22 has the potential to augment the mineralized matrix-forming ability of PDL cells. 37 The Th-9 cells when exposed to TGF-β and IL-4 results in secretion of IL-9, 38 which is known to influence the expression of proinflammatory cytokines, such as TNF-α, IFN-γ, IL-1, and IL-17. 39 However, its exact role in periodontal disease progression needs to be fully understood.
PERIAPICAL AND PERIODONTAL LESIONS -THEIR ENIGMATIC DISTINCTIVENESS
The oral putative pathogens, under favorable conditions, can initiate formation of dental caries and dental plaque, eventually leading to periapical lesions and periodontal disease if uninterrupted at the early stages. The etiopathogenesis of these lesions has been widely studied over the last few decades. Both periapical and periodontal lesions exhibit a paradoxical condition in which the same host immune response that provides protection against the microbial communities and its products also results in destruction of the host tissue. Hence, stimulation of these systems, in view of delivering defense, almost always results in some amount of host tissue destruction and if allowed to continue, ends in tooth loss.
Nevertheless, with the continual identification of newer Th subsets and their role in the lesion development, the conception of their pathogenesis becomes more complicated. Treatment modalities to combat such destructive host response also requires a thorough understanding of the disease process in terms of involvement of the Th subset's differentiation, subsequent activation, and the role of their signature cytokines in the effector functions.
PARADIGM SHIFT FROM THE TH1/TH2 TO THE TH17/T REG RECIPROCITY
For almost two decades, the Th1/Th2 dichotomy presented a dynamic conceptual structure for investigating and understanding the etiopathogenesis of chronic inflammatory diseases including the periapical and periodontal diseases. The Th1/Th2 lineage is merely antagonistic and reciprocating, that IFN-γ and IL-4 antagonize each other at both molecular and cellular levels. However, this bifurcation could not completely explain the other specialized functions of the Th cells, especially those mediated by the extracellular pathogens, the eradication of which depends on the efficient orchestration of inflammatory infiltrates and class switching of the B cells to immunoglobulin G antibodies for opsonization of microbes. 40 Besides, it could not sufficiently explain the outcomes of T-cell-mediated immune diseases. Many of the cytokines produced also could not fit into either of the subsets. Nearly all the inflammatory diseases were categorized into one or the other subset regardless of how disordered they fit into this archetype. It was until the discovery of the Th-17 that this discrepancy in the functional repertoire of the CD4 T cells were complete. 41 Th-17 cells produce IL-17 family of cytokines, IL-17A and IL-17F, targeting innate immune cells, granulocytecolony stimulating factor (G-CSF) and IL-8 for inducing neutrophil production and recruitment, granulocyte macrophage CSF for promoting enhanced production of monocytes and granulocytes. 42 Interleukin 17 primarily binds to IL-17 RA and initiates signaling of proinflammatory response, strongly associated with progression of several autoimmune and inflammatory disorders, such as systemic lupus erythematosus, rheumatoid arthrosis, etc. Thus, there is ample evidence to suggest that Th-17 is a committed osteoclastogenic subset linking Th cell stimulation to bone loss in inflammatory conditions. 43 Besides, Th-17 also produces IL-22, which enhances antibacterial defense and integrity of the epithelial barrier. 44 Adding to the significance, TGF-β played a key role in the de novo generation of yet another subset of Th cells, namely the FOXP3+ regulatory T cells. 29 The STAT-3 expressing T reg cells are critical to suppress Th-17 stimulation. These cells, in response to IFN-γ and IL-4, upregulate T-bet and IRF4 (IFN regulatory Factor 4), thus control the effector T cells that release proinflammatory cytokines. 45 Sakaguchi et al 46 have shown that these cells also coexpress CD25, which was key to control autoreactive T cells and for immune regulation to infection. Alshwaimi et al 47 in their study in a mouse periapical lesion showed that T reg cells are analogous to periapical bone loss, suggesting its role in lesion stabilization. Human studies have eventually shown that T reg cells being a potential source for IL-10 secretion can regulate lesion development. 48 Similarly, in mouse periodontitis models, these cells are expressed in high numbers, suggesting its suppressive role in periodontal lesions as well. This hypothesis was proved later in human studies that T reg cells restrain the periodontal tissue destruction as they are associated with secretion of TGF-β and IL-10. 49 Hence, there is abundant evidence to suggest that close functional connotation of these cells occurs at all stages of periapical and periodontal lesion development and that the Th-17/T reg act as effector and suppressor respectively. Thus, their relationship proves that there exists not just a functional antagonism, but a true paradigm in their generation too. 50 Hence, the balance between T reg and Th17 proves important for homeostasis and when an imbalance occurs, there is dysregulation in the host immune system leading to progression of periapical and periodontal disease.
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CONCLUSION
Oral inflammatory disease activity is determined by a complex interplay between the immune system and the microbial communities. The revisiting of existing periapical and periodontal literature with further studies enlightening the new discoveries of the emerging Th subsets may help clarify how the inflammatory response results in destruction of the pulpal and periodontal tissue, while mostly waning to control the oral pathogens. This knowledge is indispensible for the innovation of immunemodulatory intervention strategies to target the various Th pathways for refinement of the host response with the view of increasing its protective aspect while reducing its destructive capability. Hence, further extensive studies are required to elucidate the complex role of Th cellular immune response and their associated cytokines in the modulation of immunoinflammatory response.
